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MAGNETIC AND IONOSPHERIC STORMS IN
ISTANBUL: AN OBSERVATIONAL REVIEW

Istanbul'da iyonesfer ve Manyetik Firtinalar:
Gozlemsel bir Bakis

Harutyun AGOPYAN*

ABSTRACT

The geophysical behavior of the Earth ionosphere
during Storm Sudden Commencement (SSC) and Mag-
netic Storms (MS) has been investigated using the data
of Istanbul (41°N; 29°E) and the other observation sites
with Mc Ilwain Magnetic Dipole Shell Parameter,
L=1.6. As a result of the study, characteristic features
have been discovered during the solar activity period of
1964-1970 era, except through the non-flare-associated
storms, thereout 97 Ionospheric Storms (IS) with Sud-
den Commencements (SC) assigned from the other flare
effects, those in which have 3-hourly magnetic activity
index value 4 ¢ Kp £ 7. When regarding the interactions
between ISs and MSs, during the SC, without any clas-
sification overall an increase of maximum electron con-
centration of F, layer (NmFE,) in the ionosphere fol-
lowed by deviations of critical frequency of F, layer
(f,F,) have been observed for all ISs. The local data
used in this paper are hourly values based on ionograms
and magnetograms measured in Istanbul, form the Eu-
ropean Coast Istanbul lonospheric Research Station
(ITAI, 41°02'N; 28°97' E) and from the Asian, Coast s-
tanbul Kandilli Observatory (IKR, 41°03'N; 29°04°E)
respectively. The first result is the frequency deviation
obtained quantitatively 3-4 % Af F, which shows an in-
crease comparing monthly medians accompanying
SSCs with Kp increases both in the local magnetic field
H component and ionospheric peak height (hp) or maxi-
mum height (hm) variations. Upliftings are observed
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OZET

Bu calismada, enlemi 41°K, boylarm 29°D olan
istanbul kayitlari ile Mc Ilwain Manyetik Dipol Kabuk
Parametresi L= 1.6 olan diger gozlem noktalarindaki
veriler de kullanilarak, SC (Ani Baglangiclt) iyonosfer
firtinalarinin, jeomanyetik SSC (Firtina Ani Baglangic-
lan) ile iligkili davramislan incelenmigtir.

Amag, Glinesin periyodik etkinliinin 1964-70
doneminde gosterdidi olaganiistii figkirmalarla manye-
tosferde gelisen ve yermanyetik alanmin etkileyen SSC
firtinalanimin yukari atmosterin iyon yogunlugunu sar-
san ve diizensizliklere yolacan yerel etkilerin belirlen-
mesidir. Normal Giineg figkirmalarindan etkilenmeyen
SSC tiirii degigimler arasindan 3 saatlik manyetik etkin-
lik katsayist 4¢Kp<7 olan 97 adet SC firtinanin istatis-
tik analizi yapilitken, ilk dnce firtinalann timi hicbir
siniflandirma yapiimaksizin incelenmislerdir. Ani firti-
na baslangi¢ fazlannin, manyetik firtina ile iyonosfer
firtinast arasindaki iligkiyi artirarak yukart atmosferin
biitlin bolgelerini etkilemis olduklar goériilmistiir. Bu
etkiler, teknikte en ¢ok kullamilan F,-tabakasinin kritik
frekansiyla ¢l¢tilmiiy ve 1yonosferin maksimum elekt-
ron yogunlugu ile yiiksekligi tizerinde SC ile azalan
(negatif) ve artan (pozitif) firtina fazlan seklinde cizil-
mislerdir. Ayni baslangic saatlerine sahip firtina verile-
ri "Istanbul lyonosfer Aragtirma Istasyonu" (IIAIL:
41°02°K; 28°97°D) ve "Istanbul Kandilli Rasathanesi"
(IKR: 41°03°K; 29°04'D) kayitlarindan secilmislerdir.
HAI yerel iyonogramlan (kritik frekans ve yiikseklik
diagramlar) ile IKR'nin yere!l manyetogramlarinda,
yermanyetik alaniin yatay bileseni H'nin SC'li tiim fir-
timalan cakigunldiginda Istanbul igin ortalama % 3-4
MHz'lik bir frekans artigt saptanmigtir. Aylik mediyan-
lara kiyasla gozlenen bu artis, Kp degerleri biiyiik olan
ve SSC'lerle tetiklenen H bilesenindeki yerel degigim-
lerle paralellik gosterdigi gibi, aynt zamanda, iyonosfe-
rin tepe noktasinin yogunlastifr yiiksekligi de berabe-
rinde siiriikledigi  goriilmistiir.  Iyonosferin F-
tabakasindaki bu yiikseklik hareketinin incelenmesi
icin firtinalar gruplara aynidiklaninda, yazlarn aksam
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without delay in the evenings of the summer and also
during winter days but with a delay of 5-6 hours, while
collapses are observed without delay in the winter
nights and also during the summer days with retarda-
tions of 3-4 hours. Considering variations in two
groups, March to August as summerlike, September to
February as winterlike events, daytime and nighttime
behaviours are different from each other because of the
effect of sudden particle transportation and slow elec-
tron production respectively during night and day.

Agopyan

saatlerinde H ile eszamanl bir artiga kargin, kiglan giin-
diiz saatlerinde 5 ile 6 saate varan bir zaman gecikme-
sinden sonra boyle bir frekans artigt gdzlenmigtir. Ote
yandan iyonosferin algalmasi, kiglan gece saatlerinde H
azalmas: ile eszamanli olurken, yazlart giindiiz saatle-
rinde 3 ile 4 saatlik bir gecikme gostermektedir.

Sonuglan bir genellemeye gotiirmek igin, gece ve
gindiiz olgu benzerliklerden Mart-Agustos arasi siire
yazbenzeri, Ekim-Subat aras: siire kigbenzeri firtinalar
olarak iki grupta tanimlanmig ve giindiiz vakti firtinala-
nn ani pargacik tasinmasi etkisinde kaldiklan, gece
vakti firtinalannin ise elektron iiretimi eksilmesi etki-
sinde olduklar anlasiimisgtir.

INTRODUCTION

The existence of ionosphere had presented itself
more sound when Marconi attempted to apply a high fre-
quency (HF) transatlantic long distance communication
(LDC) between England and USA in 1901. Whilst, re-
marking solar storms which often disrupt radio-
communications and produce auroras, could be seen the
needle of a compass exhibited irregular deviations in its di-
rection less than a degree, as recognized firstly Celsius and
Hiorter in 1741. Then, magnetic storm (MS) concept was
first introduced by von Humboldt in 1808 and after a while
of three decades Gauss measured the geomagnetic field
(GF). Later, during the war years, over LDCs, the new geo-
magnetic storm (GS) theory contributed (Chapman and
Bartels 1940, Ferraro et al 1951). Since then the extend
and nature of the interconnections between geomagnetic
variations and ionospheric disturbances have been under
consideration due to their vital importance and mysterious
solar dependence of via magnetosphere coupling where re-

connection still is under consistent observations (Kamide
1988).

In this paper some of the previously reported results
are also discussed and compared not only with those ob-
tained from the ground based ionosoundes but also from
the electron density experiment on board satellites and
rockets as well. Tulunay and Sayers (1971) report on anti-
correlation of Kp increases that decreases L. values for the
through of ionization minimum moving to lower latitudes

in the northern hemisphere around noon time using satel-
lite data.

The aim of this observational review paper is to con-
tribute to the state of recent ionospheric predictions and to
accentuate the importance of them (Davies 1981, Tithe-
ridge 1988, Fox and McNamara 1988, Rawer and Bilitza
1989) knowing that radio propagations are under the con-

trol of latest forecastings and as well as local ionospheric
observations.

SOLAR TERRESTRIAL DEPENDENCE OF
GEOMAGNETIC STORMS

GSs appear as a result of the Ring Current (RC)
strong enhancement, deep within the magnetosphere, in the
regions where the Earth Magnetic Field (MF) does not
drastically depart from that of a dipole. There lies the Van
Allen Radiation Belt (RB), consisting of Energetic Parti-
cles (EP) like electrons, protons, alphas, and a very small
fraction of heavier ions spiraling from north to south and
back along the field lines in quasi-periodic orbits while en-
circling the Earth as a belt in a certainty of a range varia-
tion within 0.8-1.0 RE up to 4.0-4.5 RE (RE = 6371.4 km).

However, Ionospheric Storm (IS) is the effect of a
MS obviously causing an increase or decrease on the elec-
tron density (Ne) and real height of the F-Region (hF) over
D-region. But, the duration of the GS depends on the level
of geomagnetic activity and its solar origin. Possibly some
solar wind shocks not to be followed by a typical GS if
those time intervals are not associated with the enhanced
southward Interplanetary Magnetic Field (IMF). Geomag-
netic source indices Am, Ap, Kp, or three-dimensional
components of IMF, are related with solar wind parame-
ters, €, vBz (Meloni et al 1982). AE (Auroral Electrojet
Activity) or i.e. Bz, that progressively effects not only the
horizontal component of the main field (H) but also the
time function of the energy injection into the ionosphere or
replenishment of flux tubes and also rising and falling re-
sponses of field disturbance due to the nature of the RCs
circulating the Earth's outer equatorial plane asymmetrical-
ly during nighttime and daytime.

Shah defined a percentage asymmetry as
100 (AN-As) [(AN+As) / 2}

between the activity indices of northern (AN) and southern
(As) hemispheres respectively (Shah et al 1984). The influ-
ence of IMF on the ionospheric F-region causes a diurnal
variation with minimum in the morning (= 11 UT) and with
a maximum in the evening (= 23 UT) times. Moreover, sea-
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sonal variation that should favor energy input by the con-
trol of IMF-Bz component during the Autumn and also
should inhibit energy input by the IMF +Bz component
during the spring season (Bremer 1988).

As a measure of solar radiation, Kp is one of the two
most commonly used indices combining the geomagnetic
activity observed at certain standard midlatitude stations,
while the other is AE which uses auroral zone stations and
therefore responds mostly to auroral current systems.

For predicting the recond size and maximum ampli-
tude of the sunspot cycle it was reported that most reliable
is one that uses the minimum annual averages of sunspot
number, R(min) and the Ap index. Because Ap(min) has a
correlation coefficient of 0.997 with a standart error of
only + 3.9 (Wilson 1988, p. 773). When storm-time Distur-
bance (Dat) index was designed by Sugiura in 1964 as a
measure of magnetospheric RCs of MSs, high latitude and
equatorial stations are avoided to minimize the effects of
auroral and equatorial electrojet.

It must be pointed out that Faraday induction law ap-
plies to the RC in the plasmapause region which generates
two types of ionospheric variations in the upper atmos-
phere named as (i)-positive IS or (ii)-negative IS in which
both are followed with two opposite phases (Agopyan
1982) vs GSs having three well known (i-initial, ii-main
and iii-recovery) phases (Agopyan 1986, Fig. 1 & Fig. 2).
For the generation and establishment of such an IS pos-
sessing negative (-) and positive phases (+p), the necessary
time-constant of the initial phase could be a quarter of a
daytime period (Tanaka, 1978). And one has to take into
consideration that the first phase or the commencement
type of the IS will firstly depend on its own geophysical
conditions where the required rise time period (1 ~ 300 sec
or less than 1-6 min) of such a magnetospheric signal
known as SC or sudden impulse (SI) can follow a SSC.

It should be kept in mind that after a volcano erup-
tion, hurricane, strong earthquake registered 5.5 or more
on the Richter scale (Kelley 1985) or a nuclear detonation
using at least 1 Megaton of Hydrogene, the internal energy
of the Earth gravity field oscillates the ionosphere around
the Earths MF lines. The increased atmospheric tempera-
ture and compositions along the E-fields may vary 8 h or
more. The triggering mechanism is first specified by the lo-
cal anomaly or crustal parameteres of the station, local ge-
ology, tectonic structure, seismo-ionospheric relationship
and radioemission frequency of seismic activity, E-field,
H-field, local time (LT), height and dipole coordinates of
the source, than the onset of the MS, current season and so-
lar epoch etc. But, during magnetically quiet conditions,
from the published data on experiments of a seismic radio

emission (Gokhberg et al 1982) before a seismic shock an
effective electromagnetic radiation power of a seismic di-
pole emitter can be calculated using the known formula of
the radiowave propagation theory (Alpert 1960).

GEOMAGNETIC MODIFICATION

Changes in critical frequency of F2 layer (foF2) of
the Ionosphere are depended not only to the sunspot num-
bers and local daily variations but also to the ions being
transported from the equator along the GF lines, illustrated
thirty years ago (Rastogi 1960). Another reasonable expla-
nation to the fact that the electron displacement or ionic
flow caused by the variations in the field which is an im-
mediate result of the SSC, will produce changes on elec-
tron density with a retardation of several hours. By use of
low latitude ionosounder data selected through the same so-
lar activity period of 1964-1970 era, it was found (Skinner
and Kelleher 1971) that diffusion might be the responsible
cause due to ionospheric irregularities transported down to
GF lines. Since the GF lines would give assignment to the
locality of an atmospheric research station or a geomagnet-
ic observatory using only L Magnetic Shell Parameter
(Mcllwain, 1961), it happened to be a common confidence
for some workers (Laval et al 1969, and Young et al 1980),
that it is more suitable to define an observatory site with
double coordinates instead of triples. Hence Mc Iiwain
magnetic dipol shell parameter "L" defined as

RE
Lee—e
Re Cos?A

where RE is the Earth's radius, Re is the distance between
the geocentre and the point, a MF line crosses the equatori-

al plane, while A denotes the magnetic latitude angle of the
observatory.

So accordingly L value of Istanbul observatory is L =
1.55, a fact indicating that the observed ionospheric and
GF changes of this site SSC in general should rather have
equatorial characteristics (Agopyan 1986) and experimen-
tal responses are being in agreement with latitudinal foF2
variations (Bremer 1988, Fig. 8).

DYNAMICS AND STATISTICS FOR IONOSPHERIC
STORM ANALYSIS

It could be noted that most of observed winter storms
show positive enhancements (Hetdominance), whereas,
summer and equinox depressions often follow
(H*dominance) short lived enhancements (Bailey and Sel-
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lek, 1988). Consequently, it is the negative response of the
IS that causes the major LDC problems i.e. 10m-600m HF
waves (Wrenn and Rodger 1989). The reason of such a dy-
namical disturbance and the physical mechanism of its oc-
currence is believed to be due to the sun flares, the en-
hanced solar wind streams emanating from magnetically
open features in the corona known as coronal holes. As the
stream sweeps over the Earth, electric currents flowing in
the magnetosphere and ionosphere are modified, yielding
both MSs and ISs, and are recurrent having physical mech-
anisms accessible to storm transit time scales by correla-
tive analysis minutely (= 1 min-10 min-15 min-30 min),
hourly (= 1h-2h-3h), daily (= 1d-7d), synodically (= 7d-
12d-274-35d), seasonally (= 1-6-12 months) and cyclically
(= 5-11-14-22 years) solar and geomagnetic activity depen-
dent characteristics in quasi logarithmic averaging inter-
vals (Baker 1986). However, solar flare-induced storms
also can be noted here that are being weak but lasting a
few days longer because of the time taken for the stream to
pass over Earth, and the ionosphere becomes opaque,
screening out the synchrotron emission from the most
abundant of cosmic electrons, for the long wavelengths
greater than 30 meters (Welch 1988).

GEOMAGNETIC TRIGGERING MECHANISM BY
SI, SI OR SSC.

Geomagnetic sudden impulse (SI) can be accepted as
a sharp change observed in the GF whose onset (Ustaoglu
1988) is recorded within 1 min all over the world. A posi-
tive SI is characterized by a global increase in the H com-
ponent of the GF while a negative SI is same by a decrease
in the H component of the GF. The shape of SI depend on
latitude and LT with a rise and fall time from | min to sev-
eral minutes and the magnitude of it rarely exceeds 50 nT.
When SI precedes during high geomagnetic activity inter-
val positively, becomes SSC or SC.

After a SSC, ISs that form together all over the
world was first observed by Hafstad and Tuve, in 1929. In
1931, Chapman and Ferrora noticed that SSC is the signa-
ture of charged particle stream of the sun having equal
number of positive and negatively charged particles being
hot enough to yield high electric conductivity. As the
stream propagates toward the Earth, an electric current is
included on the surface of this highly conductive plasma to
shield its interior from the GF. But the storm time distur-
bance of the field (Dat) meaning the average time variation
of H, D and Z components of GF over a large number of
GSs shows dissimilarities for different latitudes and some-
times lasts after a SI presumably without causing any
stormlike disturbance (Vestine 1960, p.41). Matsushita re-
ports first IS patterns in maximum electron density of F2
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- layer (NmF2) showing certain global features and charac-

teristical differences in different latitudes such as foF2 val-
ues, for middle latitudes, having an appreciable increase in
the beginning phase of Dat (Matsushita 1959). Since 1935,
Appleton and Ingram, Kirby and many other researchers
found quantitative NmF2 of the ionosphere increase or de-
creases after the SC or SI and during the main and develop-
ment phases of MSs. But, during "STRONG" or "SE-
VERE" MSs, in equatorial observatories, Berkner claimed
first that there in Huancayo and Watheroo seen sudden and
intense depressions in NmF2 densities within the first hour
following the SC onset, concurrently observed increases in
virtual height of F-region (h'F) values and also some spread
in the distance between Fl and F2 layer peaks of the iono-
sphere. Like Appleton and Piggot (1952), Martyn (1953),
Skinner and Wright (1955), Maeda and Sato (1959) and
many different researchers in the same decade of 50's, all
report about some observations indicating that ISs have
less marked onsets than those of SSC's, while Lewis and
Mclnstosh (Thomas and Venables 1966) suggest that the
extreme changes in NmF2 values happen to occur com-

pletely independent of, and begin several hours late after
the main phase of GS.

MODERN STUDIES

Aarons and Martin (1975) found that during a MS
there was a negative correlation of scintillation and mag-
netic indice for the stations having L = 1.6. Davies (1980)
reviewed the experimental results of ATS-6 geostationary
satellite and Klobuchar et al (1978) summarized diminish-
ment of protonospheric electron content. Since plasma flow
between the magnetosphere and the ionosphere contributes
to the negative storm (Leitinger et al 1987 and Klobuchar
1988) at higher latitudes (Shunk et al 1976), than progres-
sively moves to middle and low latitudes (Mendillo 1986)
were most comprehensive studies by experimental results
published lately forming and originating ISs (Mayer et al.,
1978 and Prolss, 1980) in midlatitudes, storms with 35
hours recovery time constant and having larger and earlier
positive storm phase (p) are dominant in southern hemi-
sphere while negative storm effects larger in the northern
hemisphere (Shah et al 1984, Buonsanto 1988) after a first
positive phase (+p) or negative phase (-p). And the size of
the +p is proportional to the ap (polar activity) size in win-
ter not in summer except larger storms and the mean size
of the -p both in summer except larger storms and the mean
size of the -p both in summer and in winter does not in-
crease for the GSs with Kp > 6, but starts several hours ear-
lier by total electron content (TEC) being proportional to
the Oxygen and Nitrogen ration [O] / ([N,]+23 [O,]) at
peak height of the F region (hpF).
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Storms with a SC during sunlit hours produce an in-
crease of about 30 % in TEC at both 35°S and 35°N lati-
tudes but in summer this is followed by a rapid overnight
decay and a large negative effect on the second day. The
winter TEC resuits for south also decay rapidly near mid-
night. At north, however, the positive effect is sustained
through the night and to about noon of the next day. This
difference probably results from the large westward winds
which are expected at night about S hours after a period of
strong magnetic activity. At lower latitudes (20°N) records
or measurements show an appreciable -p only for summer
conditions while +p effects are larger in the southern hemi-
sphere (20°S) lasting for about 3 days and 1 day at north-
ern, and TEC is larger at 20°N (Titheridge and Buonsanto
1988).

NEGATIVE STORMS AND INTERHEMISPHERIC
WINDS

Changes in thermospheric circulation and wind in-
duced diffusion of the neutral constituents act to decrease
O/N, and O/O, at middle and high latitudes and to increase
_ these ratios or keep them fairly constant at low latitudes
(Mayr and Voiland 1973). During storms the enhanced eg-
uatorward winds will oppose summer to winter circulation
in the winter hemisphere, but add to it in the summer hemi-
sphere. Thus the area of decreased O/N, ratio (or enhanced
N,/O) extends to lower latitudes in summer and sharp lati-
tudinal gradients of N,/O occur in winter.

The net influx of plasma measurements showed that
prominent plasma interchange between the ionosphere and
plasmasphere constitute an interhemispheric coupling at
low latitudes (Bailey and Sellek 1988) and flux tubes of
higher latitude L = 1.5 values become able to act as a plas-
ma reservoir, filled at one daytime and emptied during
night. It was confirmed (Mendillo 1986) that interchange
of plasma depends on thermal and dynamical forces at
both ends of flux tube in the E-region in which during sol-
stice conditions interhemispheric transport is directed from
summer hemisphere to the winter hemisphere.

REFILLING PROCESS OF PROTONOSPHERIC
TUBES

Recently Song (1988) showed that after refilling
method of Lemaire Kp statistically separates situation in
which GEOS satellite crosses the plasmapause and there-
fore measures plasma for which there is no loss by convec-
tion over 24 hour period. From situations, in which it does
not plasma can be determined very accurately, further im-
provement in the theory could be made by better iono-
spheric temperature and composition measurements at the

exobase and their variation with magnetic activity. This pa-
rameters are fundamental for evaluating the upward flux of
the plasmasphere.

Protonospheric flux is the main plasma source in the
F,-layer during substorms and recombination rate is the
sink on the midlatitude night time F,-layer to be deter-
mined by the temperature of the neutral atmosphere of E-
fields and neutral winds. As many authors reported that en-
hancements have a maximum near I=45" due to winds and
near 55° geomagnetic latitude with the probability of its ap-
pearance decreases towards lower or higher latitudes ac-
companying atmospheric gravity wave generation during
negative ISs (Cander et al 1988). But, because of core field
the dipolar variation will dominate solar cyclic and synodic
effects due to the selected small Kp < 4 values for selected
method of analysis. The results may depend not only to the
external component of the GF but also to its internal anom-

aly component, method of statistical analysis, averaging
and other cases as well.

PROTONOSPHERIC RESERVOIR AND IONIC
TRANSPORTATION

The plasmasphere, which is known as the region re-
maining between plasmapause and ionosphere is filled with
fow energy plasma. Because of low energy plasma origi-
nating in the weakly ionized upper atmosphere this can be
considered as an extension of the ionosphere along MF
lines extending out to 4 RE (25 thousand km) in the equa-
torial plane. Therefore there are transporting of ions from
ionospnere O*+H ==> O+H" to protonosphere into plasma-
sphere during daytime, and at night H*+O==>H+0" from
protonosphere to ionosphere, a flow out, increases night
side neutral hydrogen concentrations. The balance of accu-
mulation, or depletion of plasma flows in the field tube is
not expected when there is a MS, because E-fields convect
plasma across field lines causing delay in balance of day to
night, H+O%<==> H*+ O, pointed out by Dungey (1955) to
be a source and sink of hydrogen ions in the thermosphere.
In 1978 Tinsley adds that in the absence of source and
sinks, the altitude profile of H* ions in the presence of O*
ions (Tinsley et al 1986). Meanwhile considering MSs and
horizontal flow of the atmosphere, which would also effect
the chemistry by the loss of H* ions from the plasmasphere
(Bailey 1988) can be outward into the tail, and also very
significant during the periods of high magnetic activity.
Vertical stratification of the normal ionosphere does not
consider horizontal movements and the contribution of
electron temperature (Te), electron density (Ne) and ionic
density (Ni) position the drift measurements. From Atmos-
pheric Explorer satellite it is known that, ionospheric layer
thickness and its accuracy is depending on recent correc-






